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(57) The present invention provides an epoxy resin composition containing:
an epoxy resin [A] that is a compound represented by Chemical formula (1) shown below:

[Chemical Formula 1]

O Chemical formula (1)

wherein R4 to R4 each independently represent one selected from the group consisting of a hydrogen atom, an aliphatic
hydrocarbon group, an alicyclic hydrocarbon group, and a halogen atom, and X represents one selected from -CH,-,
-O-, -8-, -CO-, -C(=0)0-, -O-C(=0)-, -NHCO-, -CONH-, and - SO,-;

a bifunctional epoxy resin [B] having an amine type glycidyl group;

a curing agent [C] containing an aromatic polyamine, and having at least one substituent selected from an aliphatic
substituent, an aromatic substituent, and a halogen atom at an ortho position with respect to an amino group; and

a particulate rubber component [D].
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Description
Technical Field

[0001] The presentinvention relates to an epoxy resin composition, a cured resin, afiber-reinforced composite material,
and methods for producing them. More specifically, the present invention relates to an epoxy resin composition that is
capable of providing a fiber-reinforced composite material having excellent heat resistance, compression properties,
and impact resistance, and that has a low viscosity and a long pot life, a cured resin produced using the epoxy resin
composition, a fiber-reinforced composite material produced using the epoxy resin composition, and methods for pro-
ducing them.

Background Art

[0002] Fiber-reinforced composite materials (hereinafter sometimes referred to as "FRPs") are lightweight and have
high strength and high rigidity, and are therefore used in a wide range of fields such as sports and leisure applications
including fishing rods and golf shafts, and industrial applications including automobiles and aircraft. As for a method for
producing a composite material containing a thermosetting resin as a matrix resin by molding, there are known, for
example, aresin transfer molding (RTM) method in which a liquid resin composition is impregnated into a fiber-reinforced
material placed in a mold and cured to produce a fiber-reinforced composite material, and a method in which a fiber-
reinforced material is impregnated with a resin in advance to form a sheet-shaped prepreg (intermediate base material).
[0003] In recent years, among the above-mentioned methods, the RTM method has attracted attention. The RTM
method is a low-cost and highly productive production method that requires few steps for producing a fiber-reinforced
composite material and does not require expensive equipment such as an autoclave. The matrix resin used in the RTM
method has a composition mainly containing an epoxy resin and a curing agent, and optionally containing other additives.
In order to produce a cured product or a fiber-reinforced composite material having high mechanical properties, it is
common to use an aromatic polyamine as a curing agent.

[0004] As for the epoxy resin composition used in the RTM method, the curing agent is often used in a state of being
dissolved in the epoxy resin so as not to be filtered off during impregnation of the resin composition into a reinforcing
fiber base material. In this case, since the curing agent is present in a state of being dissolved in the epoxy resin, the
epoxy resin and the curing agent relatively easily react with each other, and there is a problem that the resin composition
has a short pot life.

[0005] In order to prolong the pot life of the resin composition, for example, Patent Literature 1 proposes use of a
hindered amine curing agent having low reactivity. Use of the hindered amine curing agent, however, causes a problem
that the resulting cured product or fiber-reinforced composite material has lower mechanical properties.

[0006] In addition, a fiber-reinforced composite material containing an epoxy resin as a matrix resin generally has low
impact resistance, and therefore a cured epoxy resin is required to be improved in toughness. Patent Literature 2
describes a method of dissolving a thermoplastic resin in an epoxy resin to impart toughness to a cured epoxy resin.
This method can impart a certain degree of toughness to the cured epoxy resin. However, in order to impart high
toughness, it is necessary to dissolve a large amount of thermoplastic resin in the epoxy resin. As a result, the epoxy
resin composition in which a large amount of thermoplastic resin is dissolved has a remarkably high viscosity, and it is
difficult to impregnate the inside of a reinforcing fiber base material with a sufficient amount of resin. Therefore, a fiber-
reinforced composite material produced using such an epoxy resin composition inherently has many defects such as
voids. As a result, the fiber-reinforced composite material structure has problems that it may have deteriorated com-
pression performance, damage tolerance, and the like.

Citation List
Patent Literatures
[0007]

Patent Literature 1: JP 2014-148572 A
Patent Literature 2: JP 60-243113 A
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Summary of Invention
Technical Problems

[0008] An object of the present invention is to provide an epoxy resin composition that solves the above-mentioned
problems of the prior art, can provide a cured resin having excellent properties, has high impregnation properties into a
fiber-reinforced material, and is excellent in handleability. Another object of the present invention is to provide a fiber-
reinforced composite material (hereinafter sometimes abbreviated as "FRP", and particularly when the fiber-reinforced
composite material contains a fiber-reinforced material made of carbon fibers, sometimes abbreviated as "CFRP")
produced using the epoxy resin composition.

Solution to Problems

[0009] As a result of studies to solve the above-mentioned problems, the present inventors have found that use of an
epoxy resin composition containing a combination of predetermined epoxy resins, a curing agent, and a particulate
rubber component can solve the above-mentioned problems, and have completed the present invention.

[1] An epoxy resin composition containing:
an epoxy resin [A] that is a compound represented by Chemical formula (1) shown below:

[Chemical Formula 1]

O Chemical formula (1)

wherein R; to R, each independently represent one selected from the group consisting of a hydrogen atom, an
aliphatic hydrocarbon group, an alicyclic hydrocarbon group, and a halogen atom, and X represents one selected
from -CH,-, -O-, -S-, -CO-, -C(=0)0O-, -O-C(=0)-, -NHCO-, -CONH-, and - SO,-;

a bifunctional epoxy resin [B] having an amine type glycidyl group;

a curing agent [C] containing an aromatic polyamine, and having at least one substituent selected from an
aliphatic substituent, an aromatic substituent, and a halogen atom at an ortho position with respect to an amino
group; and

a particulate rubber component [D].

[2] The epoxy resin composition according to the item [1], containing an epoxy resin [E] containing a triglycidylami-
nophenol derivative.

[3] The epoxy resin composition according to the item [1] or [2], wherein the bifunctional epoxy resin [B] is diglycidyl
aniline or diglycidyl-o-toluidine.

[4] The epoxy resin composition according to any one of the items [1] to [3], wherein the curing agent [C] is a 4,4'-
diaminodiphenyl methane derivative and/or a phenylenediamine derivative.

[5] The epoxy resin composition according to any one of the items [1] to [4], wherein the particulate rubber component
[D] has an average particle size of 1.0 um or less.

[6] The epoxy resin composition according to any one of the items [2] to [5], wherein the epoxy resin [E] is triglycidyl-
p-aminophenol or triglycidyl-m-aminophenol.

[7] The epoxy resin composition according to any one of the items [1] to [6], wherein a percentage content of the
bifunctional epoxy resin [B] in all epoxy resins is 5 to 40 mass%.
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[8] The epoxy resin composition according to any one of the items [1] to [7], wherein the epoxy resin [A] is tetraglycidyl-
3,4’-diaminodiphenyl ether.

[9] A cured resin that is a cured product of the epoxy resin composition according to any one of the items [1] to [8] .
[10] A fiber-reinforced composite material containing:

the cured resin according to the item [9], the cured resin being the cured product of the epoxy resin composition;
and
a fiber-reinforced material.

[11] The fiber-reinforced composite material according to the item [10], wherein the fiber-reinforced material is a
carbon fiber-reinforced material.

[12] A method for producing a fiber-reinforced composite material, the method including forming a fiber-reinforced
material and the epoxy resin composition according to any one of the items [1] to [8] into a composite, and curing
the epoxy resin composition.

[13] A method for producing a fiber-reinforced composite material, the method including a step of impregnating a
fiber-reinforced material placed in a mold with the epoxy resin composition according to any one of the items [1] to
[8], and then thermally curing the epoxy resin composition.

Advantageous Effects of Invention

[0010] The epoxy resin composition of the present invention can provide a cured resin having excellent properties. In
addition, since the epoxy resin composition of the present invention has a low viscosity, a long pot life, and high han-
dleability, the epoxy resin composition can provide an FRP having excellent properties.

Description of Embodiments

[0011] Hereinafter, details of the epoxy resin composition, the fiber-reinforced composite material, and the methods
for producing them according to the present invention will be described.

1. Epoxy resin composition

[0012] The epoxy resin composition of the present invention contains at least an epoxy resin [A] that is a compound
represented by Chemical formula (1), a bifunctional epoxy resin [B] having an amine type glycidyl group, a curing agent
[C] containing an aromatic polyamine, and having at least one substituent selected from an aliphatic substituent, an
aromatic substituent, and a halogen atom at an ortho position with respect to an amino group, and a particulate rubber
component [D]. The epoxy resin composition of the present invention may contain, in addition to these components,
other epoxy resins, thermosetting resins, thermoplastic resins, curing agents, and other additives.

[0013] The epoxy resin composition of the present invention preferably has a viscosity at 100°C of 300 mPa-s or less.
The viscosity is more preferably 0.1 to 200 mPa-s, and still more preferably 0.5 to 100 mPa-s. If the viscosity at 100°C
is more than 300 mPa-s, it is difficult to impregnate the reinforcing fiber base material with the epoxy resin composition.
As a result, voids and the like are easily formed in the obtained fiber-reinforced composite material, and the fiber-
reinforced composite material is deteriorated in physical properties. The relation between the viscosity and the impreg-
nation properties depends also on the configuration of the reinforcing fiber base material, and the epoxy resin composition
may sometimes be satisfactorily impregnated into the reinforcing fiber base material even when the resin composition
has a viscosity outside the above-mentioned range.

[0014] The pot life of the epoxy resin composition varies depending on the conditions for molding the epoxy resin
composition into the composite material. For example, when the epoxy resin composition is impregnated into the fiber
base material at a relatively low impregnation pressure using a resin transfer molding method (RTM method) to produce
a large composite material, the pot life, that is, the time until the epoxy resin composition held at 100°C comes to have
a viscosity more than 150 mPa-s, is preferably 60 minutes or more, more preferably 180 minutes or more, and still more
preferably 300 minutes or more.

[0015] The cured resin obtained by curing the epoxy resin composition of the present invention preferably has a glass
transition temperature after water absorption of 120°C or more, and more preferably 150 to 200°C. The cured resin
obtained by curing the epoxy resin composition of the present invention preferably has a glass transition temperature
of 150°C or more, more preferably 180°C or more, and still more preferably 200°C or more.

[0016] The cured resin obtained by curing the epoxy resin composition of the present invention preferably has a flexural
modulus of 3.0 GPa or more, more preferably 3.5 to 30 GPa, and still more preferably 4.0 to 20 GPa as measured by
the method of JIS K 7171. If the flexural modulus is less than 3.0 GPa, the fiber-reinforced composite material obtained
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using the epoxy resin composition of the present invention is easily deteriorated in properties.
1-1. Epoxy resin [A]

[0017] The epoxy resin composition of the present invention contains the epoxy resin [A] represented by Chemical
formula (1) shown below:

[Chemical Formula 2]

() Chemical formula (1)

wherein R; to R, each independently represent one selected from the group consisting of a hydrogen atom, an aliphatic
hydrocarbon group, an alicyclic hydrocarbon group, and a halogen atom, and X represents one selected from -CH,-,
-O-, -8-, -CO-, -C(=0)0-, -O-C(=0)-, -NHCO-, -CONH-, and - SO,-.

[0018] When each of R;to R, is an aliphatic hydrocarbon group or an alicyclic hydrocarbon group, the group preferably
has 1 to 4 carbon atoms.

[0019] The epoxy resin [A] is preferably tetraglycidyl-3,4’-diaminodiphenyl ether. Each of R to R, is preferably a
hydrogen atom because formation of a special three-dimensional structure of the cured resin is hardly inhibited. In
addition, X is preferably -O- because synthesis of the compound is facilitated.

[0020] The epoxy resin [A] may be synthesized by any method. For example, the epoxy resin [A]is obtained by reacting,
as raw materials, an aromatic diamine with an epihalohydrin such as epichlorohydrin to produce a tetrahalohydrin product,
and then subjecting the tetrahalohydrin product to a cyclization reaction using an alkaline compound. More specifically,
the epoxy resin [A] can be synthesized by the method in the section of Examples described later.

[0021] Examples of the epihalohydrin include epichlorohydrin, epibromohydrin, and epifluorohydrin. Among them,
epichlorohydrin and epibromohydrin are particularly preferred from the viewpoint of reactivity and handleability.

[0022] The mass ratio between the aromatic diamine and the epihalohydrin as raw materials is preferably 1 : 1to 1 :
20, and more preferably 1 : 3 to 1 : 10. Examples of the solvent used in the reaction include alcohol solvents such as
ethanol and n-butanol, ketone solvents such as methyl isobutyl ketone and methyl ethyl ketone, aprotic polar solvents
such as acetonitrile and N,N-dimethylformamide, and aromatic hydrocarbon solvents such as toluene and xylene. In
particular, alcohol solvents such as ethanol and n-butanol, and aromatic hydrocarbon solvents such as toluene and
xylene are preferred. The amount of the solvent used is preferably 1 to 10 mass times the amount of the aromatic
diamine. As an acid catalyst, either a Brgnsted acid or a Lewis acid can be suitably used. The Brgnsted acid is preferably
ethanol, water, or acetic acid, and the Lewis acid is preferably titanium tetrachloride, lanthanum nitrate hexahydrate, or
a boron trifluoride-diethyl ether complex.

[0023] The reaction timeis preferably 0.1 to 180 hours, and more preferably 0.5 to 24 hours. The reaction temperature
is preferably 20 to 100°C, and more preferably 40 to 80°C.

[0024] Examples of the alkaline compound used in the cyclization reaction include sodium hydroxide and potassium
hydroxide. The alkaline compound may be added either as a solid or as an aqueous solution.

[0025] A phase transfer catalyst may be used during the cyclization reaction. Examples of the phase transfer catalyst
include quaternary ammonium salts such as tetramethylammonium chloride, tetraethylammonium bromide, benzyltri-
ethylammonium chloride, and tetrabutylammonium hydrogen sulfate, phosphonium compounds such as tributylhexa-
decylphosphonium bromide and tributyldodecylphosphonium bromide, and crown ethers such as 18-crown-6-ether.
[0026] The epoxy resin [A] used in the present invention preferably has a viscosity at 50°C of less than 50 Pa-s. The
viscosity is more preferably less than 10 Pa-s, still more preferably less than 5.0 Pas, and particularly preferably less
than 2.0 Pa-s.
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[0027] Inthe epoxy resin composition of the present invention, the percentage of the epoxy resin [A] in the total amount
of epoxy resins is preferably 10 to 100 mass%, more preferably 20 to 90 mass%, and still more preferably 30 to 80
mass%. If the percentage of the epoxy resin [A] is less than 10 mass%, the resulting cured resin may be deteriorated
in heat resistance and elastic modulus. As a result, the obtained fiber-reinforced composite material may be deteriorated
in various physical properties.

1-2. Epoxy resin [B]

[0028] The epoxy resin composition of the present invention contains the bifunctional epoxy resin [B] having an amine
type glycidyl group.

[0029] The epoxy resin [B] reduces the viscosity of the epoxy resin composition to improve the resin impregnation
properties into the reinforcing fiber base material. In addition, since the epoxy resin [B] increases the pot life, the epoxy
resin [B] increases the degree of freedom in designing a mold used in the RTM method.

[0030] The epoxy resin [B] is not particularly limited as long as it is a bifunctional epoxy resin having an amine type
glycidyl group. However, it is preferred to use diglycidyl aniline or a derivative thereof, such as diglycidyl-o-toluidine,
diglycidyl-m-toluidine, diglycidyl-p-toluidine, diglycidyl-xylidine, diglycidyl-mesidine, diglycidyl-anisidine, diglycidyl-phe-
noxyaniline, or diglycidyl-naphthylamine, or a derivative thereof. It is more preferred to use diglycidyl aniline, diglycidyl-
o-toluidine, diglycidyl-m-toluidine, diglycidyl-p-toluidine, or diglycidyl-phenoxyaniline, and it is still more preferred to use
diglycidyl aniline or diglycidyl-o-toluidine.

[0031] In the epoxy resin composition of the present invention, the percentage content of the epoxy resin [B] in all
epoxy resins is preferably 3 to 50 mass%, more preferably 3 to 40 mass%, and particularly preferably 5 to 40 mass%.
Setting the percentage content of the epoxy resin [B] in all the epoxy resins within the above-mentioned range makes
it possible to produce an epoxy resin composition having a viscosity and a pot life suitable for the RTM method.

1-3. Curing agent [C]

[0032] The epoxy resin composition of the present invention contains the curing agent [C] containing an aromatic
polyamine, and having at least one of the substituents among an aliphatic substituent, an aromatic substituent, and a
halogen atom at an ortho position with respect to an amino group. Thatis, the curing agent [C] is a compound represented,
for example, by Chemical formula (2) or (3) shown below.

[Chemical Formula 3]

Chemical formula (2)

[0033] In Chemical Formula (2), R4 to R4 are each independently any one of a hydrogen atom, an aliphatic substituent
having 1 to 6 carbon atoms, an aromatic substituent, and a halogen atom, and at least one of the substituents is any
one of an aliphatic substituent having 1 to 6 carbon atoms, an aromatic substituent, and a halogen atom. X is any one
of -CHy-, - CH(CHj;)-, -C(CHg),-, -S-, -O-, -SO,-, -CO-, -CONH-, -NHCO-, - C(=0)-, and -O-C(=0)-.

[Chemical Formula 4]
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Chemical formula (3)

[0034] In Chemical Formula (3), R5to Rg are each independently any one of a hydrogen atom, an aliphatic substituent,
an aromatic substituent, and a halogen atom, and at least one of the substituents is any one of an aliphatic substituent
having 1 to 6 carbon atoms, an aromatic substituent, and a halogen atom. Said one of the substituents is preferably an
aliphatic substituent having 1 to 6 carbon atoms.

[0035] In Chemical formulae (2) and (3), the number of carbon atoms of the aliphatic substituent is preferably 1 to 6.
[0036] Examples of the aliphatic substituentinclude a methyl group, an ethyl group, a propyl group, an isopropyl group,
a n-butyl group, a sec-butyl group, a tert-butyl group, a n-pentyl group, a neopentyl group, a n-hexyl group, and a
cyclohexyl group.

[0037] Examples of the aromatic substituent include a phenyl group and a naphthyl group.

[0038] The curing agent [C] may be any polyamine having the above-mentioned structure. Specific examples of the
curing agent [C] include 4,4’-diaminodiphenyl methane, and derivatives thereof that are represented by Chemical for-
mulae (4) to (7) shown below; and phenylenediamines and derivatives thereof, which are represented by Chemical
formulae (8) and (9) shown below.

[Chemical Formula 5]

H,N NH,

Chemical formula (4)

[Chemical Formula 6]

HoN NH,

Chemical formula (5)
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[Chemical Formula 7]

H,N

NH,

Chemical formula (6)

[Chemical Formula 8]

Cl cl
H,N g g NH,

Chemical formula (7)

[Chemical Formula 9]

H,N

NH,

Chemical formula (8)
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[Chemical Formula 10]

H,N NH

Chemical Formula (9)

[0039] The content of the curing agent [C] in the epoxy resin composition of the present invention is preferably 20 to
100 parts by mass, and more preferably 30 to 80 parts by mass with respect to 100 parts by mass of all the epoxy resins
contained in the epoxy resin composition. If the content of the curing agent [C] is less than 20 parts by mass or more
than 100 parts by mass, the epoxy resin composition is insufficiently cured, so that the cured resin is easily deteriorated
in physical properties.

1-4. Particulate rubber component [D]

[0040] The epoxy resin composition of the present invention contains the particulate rubber component [D]. In the
present invention, the term "particulate” means that the rubber component is dispersed in the epoxy resin composition
without being dissolved therein, and the rubber component is dispersed to form an island component also in a cured
resin obtained after the epoxy resin composition is cured.

[0041] The particulate rubber component [D] improves the fracture toughness and impact resistance of the cured resin
and the fiber composite material.

[0042] Examples of the particulate rubber component [D] include silicone rubber, butadiene rubber, styrene-butadiene
rubber, and methyl methacrylate-butadiene-styrene rubber.

[0043] The particulate rubber component [D] preferably has an average particle size of 1 um or less. The average
particle size is more preferably 0.5 um or less, and still more preferably 0.3 wm or less. The lower limit of the average
particle size is not particularly limited, but is preferably 0.03 uwm or more, more preferably 0.05 pwm or more, and still
more preferably 0.08 um or more. If the average particle size is more than 1 pm, the particulate rubber component is
filtered at the surface of the reinforcing fiber base material in the step of impregnating the reinforcing fiber base material
with the epoxy resin composition, so that the particulate rubber component is hardly impregnated into the inside of the
reinforcing fiber bundle. As a result, poorimpregnation of the resin may occur, and the obtained fiber-reinforced composite
material is deteriorated in physical properties.

[0044] The content of the particulate rubber component [D] in the epoxy resin composition of the present invention is
preferably 0.1 to 50 mass%, more preferably 0.5 to 20 mass%, and still more preferably 1 to 15 mass% with respect to
the total amount of the epoxy resin composition. If the content of the particulate rubber component [D] is less than 0.1
mass%, the fracture toughness and impact resistance of the cured resin and the fiber composite material are not
sufficiently improved.

[0045] A masterbatch containing the particulate rubber component [D] dispersed at a high concentration in an epoxy
resin can also be used. In this case, it is easy to highly disperse the rubbery component in the epoxy resin composition.
[0046] Examples of commercially available products of the particulate rubber component [D] include MX-153 (a single
dispersion of 33 mass% butadiene rubber in a bisphenol A epoxy resin, manufactured by KANEKA CORPORATION),
MX-257 (a single dispersion of 37 mass% butadiene rubber in a bisphenol A epoxy resin, manufactured by KANEKA
CORPORATION), MX-154 (asingle dispersion of 40 mass% butadiene rubberin a bisphenol A epoxy resin, manufactured
by KANEKA CORPORATION), MX-960 (a single dispersion of 25 mass% silicone rubber in a bisphenol A epoxy resin,
manufactured by KANEKA CORPORATION), MX-136 (a single dispersion of 25 mass% butadiene rubber in a bisphenol
F epoxy resin, manufactured by KANEKA CORPORATION), MX-965 (a single dispersion of 25 mass% silicone rubber
in a bisphenol F epoxy resin, manufactured by KANEKA CORPORATION), MX-217 (a single dispersion of 25 mass%
butadiene rubber in a phenol novolac epoxy resin, manufactured by KANEKA CORPORATION), MX-227M75 (a single
dispersion of 25 mass% styrene-butadiene rubber in a bisphenol A novolac epoxy resin, manufactured by KANEKA
CORPORATION), MX-334M75 (a single dispersion of 25 mass% styrene-butadiene rubber in a brominated epoxy resin,
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manufactured by KANEKA CORPORATION), MX-416 (a single dispersion of 25 mass% butadiene rubber in a tetrafunc-
tional glycidyl amine epoxy resin, manufactured by KANEKA CORPORATION), and MX-451 (a single dispersion of 25
mass% styrene-butadiene rubber in a trifunctional glycidyl amine epoxy resin, manufactured by KANEKA CORPORA-
TION).

1-5. Epoxy resin [E]

[0047] The epoxy resin composition of the present invention may contain an epoxy resin other than the epoxy resins
[A] and [B]. Such other epoxy resin is not particularly limited, but the epoxy resin composition preferably contains the
epoxy resin [E] that is a triglycidylaminophenol derivative.

[0048] The epoxy resin [E] reduces the viscosity of the epoxy resin composition, and improves the heat resistance of
the cured resin. Therefore, combination use of the epoxy resin [A] and the epoxy resin [E] improves the resin impregnation
properties into the reinforcing fiber base material, and provides a cured resin and a fiber-reinforced composite material
that maintain heat resistance and a high elastic modulus.

[0049] Examples of the epoxy resin [E] include triglycidyl-m-aminophenol and triglycidyl-p-aminophenol.

[0050] In the epoxy resin composition of the present invention, the percentage content of the epoxy resin [E] in all
epoxy resins is preferably 1 to 30 mass%, and more preferably 3 to 20 mass%. Setting the percentage content of the
epoxy resin [E] in all the epoxy resins within the above-mentioned range makes it possible to produce an epoxy resin
composition having a viscosity suitable for the RTM method, and to provide a cured resin having high heat resistance.

1-6. Other optional components

[0051] The epoxy resin composition of the present invention essentially contains the epoxy resin [A], the epoxy resin
[B], the curing agent [C], and the particulate rubber component [D], and may contain other epoxy resins.

[0052] Conventionally known epoxy resins can be used as such other epoxy resins. Specifically, epoxy resins men-
tioned below can be used. Among them, an epoxy resin containing an aromatic group is preferred, and an epoxy resin
containing either a glycidyl amine structure or a glycidyl ether structure is preferred. An alicyclic epoxy resin can also
be suitably used.

[0053] Examples of the epoxy resin containing a glycidyl amine structure include various isomers of tetraglycidyl
diaminodiphenyl methane.

[0054] Examples of the epoxy resin containing a glycidyl ether structure include a bisphenol A epoxy resin, a bisphenol
F epoxy resin, a bisphenol S epoxy resin, a phenol novolac epoxy resin, and a cresol novolac epoxy resin.

[0055] These epoxy resins may have a non-reactive substituent in an aromatic ring structure or the like as necessary.
Examples of the non-reactive substituent include alkyl groups such as a methyl group, an ethyl group, and an isopropyl
group, aromatic groups such as a phenyl group, an alkoxyl group, an aralkyl group, and halogen groups such as chlorine
and bromine.

[0056] The epoxy resin composition of the present invention may contain other curing agents.

[0057] Examples of such other curing agents include aliphatic polyamines, various isomers of aromatic amine curing
agents (excluding the curing agent [C]), aminobenzoic acid esters, and acid anhydrides.

[0058] Examples of the aliphatic polyamines include 4,4’-diaminodicyclohexylmethane, isophoronediamine, and m-
xylylenediamine.

[0059] Aromatic polyamines are preferred because they are excellent in heat resistance and various mechanical
properties. Examples of the aromatic polyamines include diaminodiphenyl sulfones, diaminodiphenyl methanes, diami-
nodiphenyl ethers, and toluenediamines. Aromatic diamine compounds such as 4,4’-diaminodiphenyl sulfone, 3,3’-
diaminodiphenyl sulfone, and 4,4’-diaminodiphenyl methane as well as derivatives thereof having a non-reactive sub-
stituent are particularly preferred because they can provide a cured product having high heat resistance. Moreover, 3,3’-
diaminodiphenyl sulfone is more preferred because it can provide a cured resin having high heat resistance and high
elastic modulus. Examples of the non-reactive substituent include alkyl groups such as a methyl group, an ethyl group,
and an isopropyl group, aromatic groups such as a phenyl group, an alkoxyl group, an aralkyl group, and halogen groups
such as chlorine and bromine.

[0060] As the aminobenzoic acid esters, trimethylene glycol di-p-aminobenzoate or neopentyl glycol di-p-aminoben-
zoate is preferably used. A composite material obtained by curing the resins using these curing agents has a high tensile
elongation.

[0061] Examples of the acid anhydrides include 1,2,3,6-tetrahydrophthalic anhydride, hexahydrophthalic anhydride,
and 4-methylhexahydrophthalic anhydride. When these curing agents are used, the uncured resin composition has a
long pot life, and a cured product having relatively well-balanced electrical properties, chemical properties, mechanical
properties, and the like is obtained. Therefore, the curing agents are appropriately selected according to the application
of the composite material.
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[0062] The total amount of the curing agents contained in the epoxy resin composition is an amount suitable for curing
all the epoxy resins blended in the epoxy resin composition, and is appropriately adjusted according to the type of the
used epoxy resins and curing agents. For example, when an aromatic diamine compound is used as a curing agent,
the total amount of the curing agents is preferably 25 to 65 parts by mass, and more preferably 35 to 55 parts by mass
with respect to 100 parts by mass of the total amount of the epoxy resins.

[0063] The epoxy resin composition of the present invention may contain a thermoplastic resin. The thermoplastic
resin improves the fracture toughness and impact resistance of the obtained fiber-reinforced composite material.
[0064] Specific examples of the thermoplastic resin include polyethersulfones, polysulfones, polyetherimides, and
polycarbonates. These may be used singly or in combination of two or more thereof. The thermoplastic resin contained
in the epoxy resin composition is particularly preferably a polyethersulfone or polysulfone having a weight average
molecular weight (Mw) of 8,000 to 100,000 as measured by gel permeation chromatography. If the weight average
molecular weight (Mw) is less than 8,000, the obtained FRP has insufficient impact resistance, whereas if the weight
average molecular weight (Mw) is more than 100,000, the epoxy resin composition may have a remarkably high viscosity
and may be remarkably deteriorated in handleability. The epoxy resin-soluble thermoplastic resin preferably has a
uniform molecular weight distribution. In particular, the thermoplastic resin preferably has a polydispersity (Mw/Mn) in
the range of 1 to 10, where the polydispersity is the ratio of the weight average molecular weight (Mw) to the number
average molecular weight (Mn). The polydispersity is more preferably in the range of 1.1 to 5.

[0065] The thermoplastic resin preferably has a reactive group that is reactive with the epoxy resin, or a functional
group that forms a hydrogen bond with the epoxy resin. Such a thermoplastic resin can have improved dissolution
stability during the curing process of the epoxy resin. In addition, the thermoplastic resin can impart fracture toughness,
chemical resistance, heat resistance, and wet heat resistance to the fiber-reinforced composite material obtained after
curing.

[0066] The reactive group that is reactive with the epoxy resin is preferably a hydroxyl group, a carboxylic acid group,
an imino group, an amino group, or the like. Use of a polyethersulfone having a hydroxyl group at the terminal is more
preferred because the obtained fiber-reinforced composite material is particularly excellent in impact resistance, fracture
toughness, and solvent resistance.

[0067] The content of the thermoplastic resin in the epoxy resin composition is appropriately adjusted according to
the viscosity of the epoxy resin composition. From the viewpoint of impregnation into the fiber-reinforced material, the
content of the thermoplastic resin is preferably 0.1 to 10 parts by mass, and more preferably 0.5 to 5 parts by mass with
respect to 100 parts by mass of the epoxy resins contained in the epoxy resin composition. If the content of the thermo-
plastic resin is less than 0.1 parts by mass, the obtained fiber-reinforced composite material may have insufficient fracture
toughness or impact resistance. If the content of the thermoplastic resin is high, the epoxy resin composition may have
a remarkably high viscosity and may be insufficiently impregnated into the fiber-reinforced material, and the obtained
fiber-reinforced composite material may be deteriorated in properties.

[0068] The thermoplastic resin preferably contains a reactive aromatic oligomer having an amine terminal group
(hereinafter, the oligomer is also simply referred to as "aromatic oligomer").

[0069] The epoxy resin composition is increased in the molecular weight during thermal curing by a curing reaction
between the epoxy resin and the curing agent. As the two-phase region expands due to the increase in molecular weight,
the aromatic oligomer dissolved in the epoxy resin composition causes reaction-induced phase separation. The phase
separation forms, in the matrix resin, a two-phase structure of resin in which the cured epoxy resin and the aromatic
oligomer are co-continuous. In addition, since the aromatic oligomer has an amine terminal group, a reaction of the
amine terminal group with the epoxy resin also occurs. Since the phases in the co-continuous two-phase structure are
firmly bonded to each other, the fiber-reinforced composite material is improved also in solvent resistance.

[0070] The co-continuous structure absorbs external impact on the fiber-reinforced composite material to inhibit crack
propagation. As a result, the fiber-reinforced composite material produced using the epoxy resin composition containing
the reactive aromatic oligomer having an amine terminal group has high impact resistance and fracture toughness.
[0071] As the aromatic oligomer, a known polysulfone having an amine terminal group or a known polyethersulfone
having an amine terminal group can be used. The amine terminal group is preferably a primary amine (-NH,) terminal
group.

[0072] The aromatic oligomer blended in the epoxy resin composition preferably has a weight average molecular
weight of 8,000 to 40,000 as measured by gel permeation chromatography. If the weight average molecular weight is
less than 8,000, the aromatic oligomer is less effective for improving the toughness of the matrix resin. If the weight
average molecular weight is more than 40,000, the resin composition has too high a viscosity, so that processing problems
may easily occur such as difficulty in impregnating the reinforcing fiber base material with the resin composition.
[0073] Asthe aromatic oligomer, commercially available products such as "Virantage DAMS VW-30500 RP (registered
trademark)" (manufactured by Solvay Specialty Polymers) can be preferably used.

[0074] The form of the thermoplastic resin is not particularly limited, but the thermoplastic resin is preferably particulate.
The particulate thermoplastic resin can be uniformly blended in the resin composition.
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[0075] The epoxy resin composition of the present invention may contain conductive particles, a flame retardant, an
inorganic filler, and an internal mold release agent.

1-7. Method for producing epoxy resin composition

[0076] The epoxy resin composition of the presentinvention can be produced by mixing the epoxy resin [A], the epoxy
resin [B], the curing agent [C], the particulate rubber component [D], and, if necessary, the epoxy resin [E], other epoxy
resins, a thermoplastic resin, other curing agents, and other components. The order of mixing these components is not
limited.

[0077] The epoxy resin composition may be in a one-component form in which the components are uniformly mixed,
or a slurry form in which some of the components are dispersed as solids.

[0078] The method for producing the epoxy resin composition is not particularly limited, and any conventionally known
method may be employed. An example of the mixing temperature is in the range of 40 to 120°C. If the mixing temperature
is more than 120°C, the curing reaction partially proceeds, so that the resin impregnation properties into the reinforcing
fiber base material may be deteriorated, or the resulting epoxy resin composition may be deteriorated in storage stability.
Ifthe mixing temperatureis less than 40°C, the epoxy resin composition has high viscosity, and mixing may be substantially
difficult. The mixing temperature is preferably 50 to 100°C, and more preferably in the range of 50 to 90°C.

[0079] As the mixing machine, a conventionally known machine can be used. Specific examples of the mixing machine
include a roll mill, a planetary mixer, a kneader, an extruder, a Banbury mixer, a mixing vessel equipped with a stirring
blade, and a horizontal mixing tank. The components can be mixed in the air or under an inert gas atmosphere. When
the components are mixed in the air, an atmosphere with controlled temperature and humidity is preferred. Although
the atmosphere is not particularly limited, for example, it is preferred to mix the components at a temperature controlled
to a constant temperature of 30°C or less or in a low-humidity atmosphere having a relative humidity of 50% RH or less.

2. Fiber-reinforced composite material

[0080] A fiber-reinforced composite material can be obtained by forming the fiber-reinforced material and a resin
composition, which is obtained by blending various components to the epoxy resin composition of the present invention,
into a composite, and curing the resin composition. The method for forming the resin composition and the fiber-reinforced
material into a composite is not particularly limited. The fiber-reinforced material and the resin composition may be
formed into a composite in advance, or the fiber-reinforced material and the resin composition may be formed into a
composite during molding as in, for example, a resin transfer molding method (RTM method), a hand lay-up method, a
filament winding method, or a pultrusion method.

[0081] A fiber-reinforced composite material can be obtained by forming the fiber-reinforced material and the epoxy
resin composition of the present invention into a composite, and then thermally curing the epoxy resin composition under
specific conditions. Examples of the method for producing a fiber-reinforced composite material using the epoxy resin
composition of the present invention include known molding methods such as an RTM method, an autoclave molding
method, and a press molding method. The resin composition of the present invention is particularly suitable for the RTM
method.

[0082] The RTM method is a preferred molding method from the viewpoint of efficiently obtaining a fiber-reinforced
composite material having a complicated shape. Here, the RTM method means a method of impregnating a fiber-
reinforced material placed in a mold with a liquid epoxy resin composition, and then curing the epoxy resin composition
to produce a fiber-reinforced composite material.

[0083] In the presentinvention, the mold used in the RTM method may be a closed mold made of a rigid material, and
it is also possible to use an open mold made of a rigid material and a flexible film (bag). In the latter case, the fiber-
reinforced material can be placed between the open mold made of a rigid material and the flexible film. As the rigid
material, various existing materials including metals such as steel and aluminum, fiber-reinforced plastic (FRP), wood,
and gypsum are used. As a material of the flexible film, polyamides, polyimides, polyesters, fluororesins, silicone resins,
and the like are used.

[0084] When a closed mold made of a rigid material is used in the RTM method, usually, the mold is clamped by
pressurization, and the epoxy resin composition is injected into the mold by pressurization. In this case, it is also possible
to provide a suction port separately from the injection port, and connect the suction port to a vacuum pump to suck the
epoxy resin composition. It is also possible to suck the epoxy resin composition to inject the epoxy resin composition
only by atmospheric pressure without using any special pressurizing means. This method can be suitably used because
a large member can be produced by providing a plurality of suction ports.

[0085] Inthe RTM method, when an open mold made of a rigid material and a flexible film are used, it is also possible
to suck the epoxy resin to inject the epoxy resin only by atmospheric pressure without using any special pressurizing
means. In order to inject the epoxy resin only by atmospheric pressure to realize satisfactory impregnation, it is effective
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to use a resin diffusion medium. Furthermore, it is preferred to apply a gel coat to the surface of the rigid material before
placing the fiber-reinforced material in the mold.

[0086] In the RTM method, the fiber-reinforced material is impregnated with the epoxy resin composition, and then
the epoxy resin composition is thermally cured. The mold temperature during the thermal curing is usually selected to
be higher than the mold temperature during the injection of the epoxy resin composition. The mold temperature during
the thermal curing is preferably 80 to 200°C. The time for thermal curing is preferably 1 minute to 20 hours. After the
thermal curing is completed, the fiber-reinforced composite material is demolded and taken out. Then, the obtained fiber-
reinforced composite material may be heated at a higher temperature to be post-cured. The temperature of the post
curing is preferably 150 to 200°C, and the time of the post curing is preferably 1 minute to 4 hours.

[0087] The impregnation pressure at the time of impregnating the fiber-reinforced material with the epoxy resin com-
position by the RTM method is appropriately determined in consideration of the viscosity, resin flow, and the like of the
resin composition.

[0088] The impregnation pressure is specifically 0.001 to 10 (MPa), and is preferably 0.01 to 1 (MPa). When the fiber-
reinforced composite material is obtained by the RTM method, the viscosity of the epoxy resin composition at 100°C is
preferably less than 5000 mPa-s, more preferably 0.5 to 1000 mPa-s, and still more preferably 1 to 200 mPa-s.

Examples

[0089] Hereinafter, the presentinvention will be described more specifically with reference to examples, but the present
invention is not limited to the examples. Components and test methods used in the examples and comparative examples
will be described below.

[Components]

(Epoxy resins)

Epoxy resin [A]

[0090] - Tetraglycidyl-3,4’-diaminodiphenyl ether (synthesized by the method of Synthesis Example 1, hereinafter
abbreviated as "3,4’-TGDDE")

Epoxy resin [B]

[0091]

* N,N-diglycidyl-o-toluidine (GOT (product name) manufactured by Nippon Kayaku Co., Ltd., hereinafter abbreviated
as "GOT")

* N,N-diglycidyl aniline (GAN (product name) manufactured by Nippon Kayaku Co., Ltd., hereinafter abbreviated as
IIGANII)

Epoxy resin [E]

[0092]

e Triglycidyl-p-aminophenol (Araldite MY0510 (product name) manufactured by Huntsman Corporation, hereinafter
abbreviated as "TG-pAP")

Other epoxy resins

[0093]

* Tetraglycidyl-4,4’-diaminodiphenyl methane (Araldite MY721 (product name) manufactured by Huntsman Corpora-
tion, hereinafter abbreviated as "TGDDM")

* Bisphenol A-diglycidyl ether (JER 825 (product name) manufactured by Mitsubishi Chemical Corporation, hereinafter
abbreviated as "DGEBA")
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(Curing agents)

Curing agent [C]

[0094]

e 4,4-Diamino-3,3’-diisopropyl-5,5’-dimethyldiphenylmethane (Lonzacure M-MIPA (product name) manufactured by
Lonza Group Ltd., hereinafter abbreviated as "M-MIPA")

* 4,4’-Methylenebis(3-chloro-2,6-diethylaniline) (Lonzacure M-CDEA (product name) manufactured by Lonza Group
Ltd., hereinafter abbreviated as "M-CDEA")

* Diethyltoluenediamine (Aradure 5200 (product name) manufactured by Huntsman Corporation, hereinafter abbre-
viated as "DETDA")

(Other curing agent)

[0095]

e 3,3-Diaminodiphenyl sulfone (manufactured by Konishi Chemical Ind. Co., Ltd., hereinafter abbreviated as "3,3’-
DDS")

(Particulate rubber component)
[0096]

e MX-416 (MX-416 (product name) manufactured by KANEKA CORPORATION, a masterbatch that is a dispersion
in a tetrafunctional glycidyl amine epoxy resin and has a particulate rubber component concentration of 25 mass%)

(Carbon fiber strand)

[0097]

e Carbon fibers 1: "Tenax (registered trademark)" IMS65 E23 830 tex (a carbon fiber strand, tensile strength: 5.8
GPa, tensile elastic modulus: 290 GPa, sizing agent adhesion amount: 1.2 mass%, manufactured by TEIJIN LIM-
ITED)

(Thermoplastic resin nonwoven fabric)

[0098]

«  Nonwoven fabric 1: a nonwoven fabric having a fiber basis weight of 5 g/m2 and produced by a spunbonding method
using a polyamide 12 resin

(Carbon fiber multilayer fabrics)
[0099]

e Carbon fiber multiaxial fabric 1: a product obtained by forming the carbon fibers 1 aligned in one direction into a
sheet of 190 g/m2 per layer, placing the nonwoven fabric 1 on one side of the sheet, stacking four sheets of the
resulting laminate at angles of (+45/V/90/V/-45/V/0/V), and stitching the resulting laminate (total basis weight of
carbon fibers of the fabric base material: 760 g/m2).

e Carbon fiber multiaxial fabric 2: a product obtained by stacking four sheets of the carbon fibers 1 at angles of
(-45/VI90/V/+45/V/0/V), and stitching the resulting laminate (total basis weight of carbon fibers of the fabric base
material: 760 g/m?2).

[0100] Here, V represents the nonwoven fabric 1.
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(Synthesis example of epoxy resin)
[Synthesis Example 1] Synthesis of 3,4-TGDDE

[0101] Into a four-necked flask equipped with a thermometer, a dropping funnel, a cooling tube, and a stirrer, 1110.2
g (12.0 mol) of epichlorohydrin was charged, and the temperature was raised to 70°C under nitrogen purge. To the flask,
200.2 g (1.0 mol) of 3,4’-diaminodiphenyl ether dissolved in 1000 g of ethanol was added dropwise over 4 hours. The
resulting mixture was further stirred for 6 hours to complete the addition reaction, thereby obtaining N,N,N’,N’-tetrakis(2-
hydroxy-3-chloropropyl)-3,4’-diaminodiphenyl ether. Subsequently, the temperature in the flask was lowered to 25°C,
and then 500.0 g (6.0 mol) of a 48% aqueous NaOH solution was added dropwise thereto over 2 hours, and the mixture
was further stirred for 1 hour. After completion of the cyclization reaction, ethanol was distilled off, extraction was
performed with 400 g of toluene, and washing was performed twice with 5% saline. Removal of toluene and epichlorohydrin
from the organic layer under reduced pressure gave 361.7 g of a brown viscous liquid (yield: 85.2%). The main product
3,4’-TGDDE had a purity of 84% (HPLC area%).

[Evaluation methods]
(1) Properties of resin compositions
(1-1) Preparation of epoxy resin compositions

[0102] Epoxy resins, curing agents, and a particulate rubber component were weighed at each of the ratios shown in
Table 1 and mixed at 80°C for 60 minutes using a stirrer to prepare each epoxy resin composition. In this case, the
curing agents are dissolved in the epoxy resins. In the compositions shown in Table 1, glycidyl groups of the epoxy
resins and amino groups of the curing agents are equivalent.

(1-2) Initial viscosity and pot life

[0103] The viscosity was measured under the condition of 100°C using a B-type viscometer TVB-15M manufactured
by Toki Sangyo Co., Ltd. The minimum measured value immediately after the start of the measurement was taken as
the initial viscosity, and the time when the viscosity reached 150 mPa-s was taken as the pot life.

(2) Properties of cured resins
(2-1) Production of cured resins

[0104] Each of the epoxy resin compositions prepared in (1-1) was defoamed in vacuum, and then injected into a
stainless steel mold that was set so as to produce a cured resin having a thickness of 4 mm with a 4 mm-thick silicon
resin spacer. The epoxy resin composition was cured at a temperature of 180°C for 2 hours to produce a cured resin
having a thickness of 4 mm.

(2-2) Flexural modulus of resins

[0105] A testwas performed according to the method of JIS K 7171. At that time, each resin test piece was prepared
to have dimensions of 80 mm X 10 mm X h 4 mm. A bending test was performed at a distance L between fulcrums of
16 X h (thickness) and a test speed of 2 m/min, and the flexural strength and the flexural modulus were measured.

(3) Properties of CFRPs
(3-1) Production of CFRPs

[0106] The carbon fiber multiaxial fabric 1 and the carbon fiber multiaxial fabric 2 were each cut into 300 X 300 mm.
On a 500 X 500 mm release-treated aluminum plate, three sheets of the carbon fiber multiaxial fabric 1 and three sheets
of the carbon fiber multiaxial fabric 2 were stacked to form a laminate of six sheets in total.

[0107] Moreover, a peel cloth Release Ply C (manufactured by AIRTECH JAPAN, LTD.) as a base material having a
releasable function and Resin Flow 90HT (manufactured by AIRTECH JAPAN, LTD.) as a resin diffusion base material
were stacked on the laminate. Then, a hose for forming a resin injection port and a resin discharge port was placed, the
whole product was covered with a nylon bag film and sealed with a sealant tape, and the inside of the nylon bag film
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was evacuated. Subsequently, the aluminum plate was warmed to 120°C, the pressure in the bag was reduced to 5 torr
or less, and then each of the epoxy resin compositions prepared in (1-1) was heated to 100°C and injected into the
vacuum system through the resin injection port.

[0108] The bag was filled with the injected epoxy resin composition, the temperature was raised to 180°C in a state
in which the laminate was impregnated with the epoxy resin composition, and the laminate was held at 180°C for 2 hours
to produce a carbon fiber composite material.

(3-2) OHC

[0109] Each of the CFRPs obtained in (3-1) was cut into a test piece having dimensions of 38.1 mm wide X 304.8
mm long, and punched with a diameter of 6.35 mm at the center of the test piece to produce a test piece for an open
hole compression (OHC) test.
[0110] The test was performed according to SACMA SRM 3, and the open hole compression strength was calculated
from the maximum point load.

(3-3) Compression after impact (CAl)

[0111] Each of the CFRPs obtained in (3-1) was cut into a test piece having dimensions of 101.6 mm wide X 152.4
mm long to produce a test piece for a compression after impact (CAl) test. After the dimensions of each test piece were
measured, the specimen (sample) was subjected to an impact test by the application of an impact energy of 30.5 J using
Falling Weight Impact Machine (Dynatup manufactured by Instron Corporation). After the application of the impact, the
damaged area of the specimen was measured with an ultrasonic flaw detector (SDS 3600, HIS3/HF manufactured by
Krautkramer Japan Co., Ltd.). After the application of the impact, for the strength test of the specimen, one strain gauge
was attached to each of the left and right of the specimen at a position of 25.4 mm from the top of the specimen and
25.4 mm from the side of the specimen, and similarly attached to each of the front and back surfaces of the specimen,
so that a total of four strain gauges/specimen were attached. Then, a tester (Autograph manufactured by Shimadzu
Corporation) was adjusted to have a crosshead speed of 1.27 mm/min, and a load was applied until the specimen was
broken.

(Resin compositions)

[Examples 1 to 11 and Comparative Example 3]

[0112] Properties of the epoxy resin compositions are shown in Table 1. The epoxy resin compositions of Examples
1to 11 had a low initial viscosity of 100 mPa-s or less at 100°C and a long pot life of 180 minutes or more. In Comparative

Example 3, 3,3'-DDS was used and the curing agent [C] was not used. The epoxy resin composition had an initial
viscosity as high as 115 mPa-s and a pot life as short as 111 minutes.

(Cured resins)
[Examples 1 to 11 and Comparative Examples 1 and 2]

[0113] Properties of the cured resins are shown in Table 1. The cured resins of Examples 1 to 11 had a high flexural
modulus of 3.6 GPa or more. In Comparative Example 1, TGDDM was used and the epoxy resin [A] was not used. The
cured resin had a flexural modulus as low as 3.4 GPa. In Comparative Example 2, DGEBA was used and the epoxy
resin [B] was not used. The cured resin had a flexural modulus as low as 3.2 GPa.

(CFRPs)

[Examples 1 to 11 and Comparative Examples 1 to 2 and 4]

[0114] Properties of the CFRPs are shown in Table 1. The CFRPs of Examples 1 to 11 had a high OHC strength of
300 MPa or more and a high CAIl of 230 MPa or more. In Comparative Example 1, TGDDM was used and the epoxy
resin [A] was not used. The CFRP had an OHC strength as low as 293 MPa. In Comparative Example 2, DGEBA was

used and the epoxy resin [B]was not used. The CFRP had an OHC strength as low as 281 MPa. In Comparative Example
4, the particulate rubber particles [D] were not used. The CFRP had a CAl as low as 214 MPa.
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Claims

1.

9.

An epoxy resin composition comprising:
an epoxy resin [A] that is a compound represented by Chemical formula (1) shown below:

[Chemical Formula 1]

() Chemical formula (1)

wherein R4 to R4 each independently represent one selected from the group consisting of a hydrogen atom, an
aliphatic hydrocarbon group, an alicyclic hydrocarbon group, and a halogen atom, and X represents one selected
from -CH,-, -O-, -S-, -CO-, -C(=0)O0-, -O-C(=0)-, -NHCO-, -CONH-, and - SO,-;

a bifunctional epoxy resin [B] having an amine type glycidyl group;

a curing agent [C] containing an aromatic polyamine, and having at least one substituent selected from an
aliphatic substituent, an aromatic substituent, and a halogen atom at an ortho position with respect to an amino
group; and

a particulate rubber component [D].

The epoxy resin composition according to claim 1, comprising an epoxy resin [E] containing a triglycidylaminophenol
derivative.

The epoxy resin composition according to claim 1 or 2, wherein the bifunctional epoxy resin [B] is diglycidyl aniline
or diglycidyl-o-toluidine.

The epoxy resin composition according to any one of claims 1 to 3, wherein the curing agent [C] is a 4,4’-diamin-
odiphenyl methane derivative and/or a phenylenediamine derivative.

The epoxy resin composition according to any one of claims 1 to 4, wherein the particulate rubber component [D]
has an average particle size of 1.0 uwm or less.

The epoxy resin composition according to any one of claims 2 to 5, wherein the epoxy resin [E] is triglycidyl-p-
aminophenol or triglycidyl-m-aminophenol.

The epoxy resin composition according to any one of claims 1 to 6, wherein a percentage content of the bifunctional
epoxy resin [B] in all epoxy resins is 5 to 40 mass%.

The epoxy resin composition according to any one of claims 1 to 7, wherein the epoxy resin [A] is tetraglycidyl-3,4’-
diaminodiphenyl ether.

A cured resin that is a cured product of the epoxy resin composition according to any one of claims 1 to 8.

10. A fiber-reinforced composite material comprising:

the cured resin according to claim 9, the cured resin being the cured product of the epoxy resin composition; and
a fiber-reinforced material.
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11. The fiber-reinforced composite material according to claim 10, wherein the fiber-reinforced material is a carbon fiber-
reinforced material.

12. A method for producing a fiber-reinforced composite material, the method comprising forming a fiber-reinforced
material and the epoxy resin composition according to any one of claims 1 to 8 into a composite, and curing the
epoxy resin composition.

13. A method for producing a fiber-reinforced composite material, the method comprising a step of impregnating a fiber-

reinforced material placed in a mold with the epoxy resin composition according to any one of claims 1 to 8, and
then thermally curing the epoxy resin composition.
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